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(57) [mm 

ttz. ii'-=5r< i;i>. *S{c*i§S*^r-ri.'fl:-^ti 



(2) 

1 

[ if *JB 2 ] HfriE*3St:7l<K»^^rt -l. -ft-^if^iJ J; x/ 
tt-m.^ ( 1 ) x'm.^ti^mm:^t^-^'}^'T}v^\yy lo 

{42tlEiJO«»«. 
( 1 ) : 

- (CRiR2-CR3R*-0) nH 

C lt*iB4 ] 'Pts:<t i,. MM 1 - 3 cov ^-ftL^H: 

^x. mif^^^^LyMt-^^^^t^W'^t^^mMV. 

[0001] 

m=F. %mm.it^'mmxxfmM'»<n>mm)fMzmt 

[0002] 

[0 0 03] Lt&^L. ^tL^>{i, M3t3;:^h, iEWt45i 

^.^^"^D, ^tzn^<^3.-th\,z\t^'^x\-^t£VK --H. 



!^ffl2 0 0 2-l 844 7 8 
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Z.K±X'kz^<Hh%^ixXv^ht)K WmfA^ 

[0004] ^ O Lf^^JciacOctiT-. Nature (1^3 
5 3^. ^7 3 7 — 7 4 OK, 199 1^) t5itX5i^liI 
#ffffi4 9 2 7 7 2 1 ^m\iZ. )V^--^h.m^'^^\iZ 

i:.'^xmm.^i\j-zw\t^9y^^vwmwmM^m\^tz 

-^xmm-t^hmmmcnmmzi^y). %m^m»ifim 
[0005] z(r>x o ^j:wm^^M-thtiisb. mm 

^ ^XtM'&t. X)^m-h <! i: i o T , H^ti fzMfMt 
[0006] iiOJ;3 ^*^±l£tOfeSiMSMi;l^mm 

h'o. mim\^m^^^w^x-\i. mm^mim^z^ii 
m.^wvM^mm f<z%mi^¥t^ LXLt.dt\^dm 

[ 0 0 0 7 ] iit. mm^^co-s^^^^ifzii!^ 

t^^m-^. miSL^zimLi-^-mmtLfz-^mx\ ^tl 
w^m^mmcomumzmsmimA-tiiH^mti^h K) . 

m:b^h-^fz. ^^^z^ ■mmmmmi,zisjMii^±^Lfz^ 
y'jy^m^^mmm^iz^mmz^^ft^fz 
±M(Dmb Lx<^mm.^cD^mm-^xi^mmizii^'y 

[0008] .ittizM Lx . it^mmmconjf^i^-^ti 
j; z/i&-^^^^i:zto \,-^xit. mt^ ^ mi^h ^ v ■^it^jv-'^ 

{i\ 'iS^mt^^^LXhrnrnzm^Zbit^^-^fziib. ±M 

<omfmmmco^(^mmj^i±m^m^zm'imti^ . 

[00 09] t-r y^'^A-f^ymjfitcisv^-c. 
fiX^^h^f^m^(D^-^l^f&-5i-}5XX/i&-5^=Ff&6^t:-& 
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^ (i|tffl2 0 0 0-l 00 4 86-^ryj^m;^:^i^, B* 
if^^U. PP. 484-488, 1997). Lti-'L 

[0010] mm. ^mmmM±m'mmziiv^x§'m 
^tihB^m/B^im-i ^yt^h^£hmimjm><z}5 

\Yppm^m&<nmzmhf)-(^y-}smzi. Tt-^«L^rfm 

h-^£mo,m ^ti:v^}ivv>, s^ioraiii i ^ t „ 
[ooii]coj;3 tmmzn\^. m.\\:M7m<^^m£ 20 

M.fi}Vif^^ -yjvm^^^hif^ y V- 1 y ^-r jt— vm 

fz (#W2 0 0 0-2 2 82 34-f■i^^fg) . itO^T' 
fz\ii])V^^^i^tvm^-^-thmm.-^lk^-^) v-i: -fe/lx 

[00 12] 

it. mm.it. ^itmizmtifz^mm^m^. ^mmt 40 

[00 13] 

mm^nm-t^fziibco^m ±msm^mm-t'^<. 
m.m. mm^n-^fz^^k. ^^^mi^a. Tni<7):^mmz 
j^-yX'^mamm^^ti^^t^M.iHL^. -r^h 

< 1 > 'y^j:<th. ^mz7mm^^^hit-^'mii x 
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[ 0 0 1 4 ] < 2 > mitMmzyYm&^^^M'c^'m 

wt^-^^h t ^mit^h < 1 >t,z§mir>wmK 

[ 0 0 1 5 ] < 3 > m^s^^zTmrn^^^hit-^^ 
tfi. TiE-tet ( 1 ) X'm.^tihmmi:^ti^')^r)v 

1 itzi±2izMimcomm«x$,i>. 
-m^ ( 1 ) : 

- (CRiR2-CR3R*-0) nH 

i^^'rrjm^^m'ftAimm^m l. n 2 - 1 0 

m^m^. ) 

[0016] <4 > 'M^K t h , < 1 >~< 3 >CDK^ 

•rtiMz$m(^mmMt . ^i^m&t. ni^mmt. 
t^k^j:iyt'mimm^x'$)'^x . mmmmw^K mi^ 
mi^mmt Mi^mmt cnm^zmif^tix\>^^ .r t ^'wm. 

[00 17] <5> {i'~'^<ti,. <4>iz^mcoyem 
m^m^^^'t^^mmt'^mmx-h'^x. mm^i^ 
v&t^-^m^imLx^^hiib iwwLb^h^mmt^ 

[0 0 18] <6> <i>-^<3>co\-^-ttiMzmm 
i>mmmcomm-^AX'h ^ . 

[0019] 

[^Bj^o^sfiomi] vxY. :^?^m^tm^zmm-th 
^m^m^ixi^^zm^^fi-f. a»#^o*f ^a^^- 

[0020] «mmm»^9moymmmM. ^-^< 
Ym:-M^h\k.'mii^wM,^^x'%tyf\.hm^^^ 

b. m\mimb. ^#^rt. ISI*4^=5:v^t^';l^«i:^r 
[0021 ] *stc*iess:^r-r^^l:-^t3 J:tx-< y V 

b\t. m& ( 2 5°C|rrf*) 

[0022] mmmm.^m!$.-t^^t^Rmb lxi±. m 

±M<ni: o {z. m^7m^^^^^^WR<r>mMmz 
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tmrnvt LxmmLfzm^. smcom».it'^K&izn 
^ix^i<znL. fi#j[isje{±. -m.mzm.im7tn 

^rl^tV^dfiJjSSr^r-ri.. 10 

[00 23] mmu^mi'ifdm.m^^Mcom^-^h-^tt 

[0 0 24] A V i^T^^-Vm^^-r^it-^bLX 

ii, ^v^ymmm^z§><^iti^m^m^^ixxii o , 

4. 4' -i;=7x::i;^;<:^?>'>'Vyi^T^— MIA' 
i^r^T— hco-f yi-r37/l^3»#:*i#l:*fiLV^<, i 

fz. 3<X7tmmRmi'^7 0izii. Avi-T^-~hm^3 

[00 2 5] Tmrn^^^^it-^'mt tTtt, irM7j<^ 
^mz7mmtimiE-t^^hX\ *MS-^tJ;^4i-^l^ 30 

i ^ mmc^^^m.m&\ ^ . ^ -y h ^ ^ j&^';^v ^^to 

[0 0 2 6] Mi^mzit^ T)V^vyy^)zi~)m. Ct 
t^r^i-df 1^ y^=¥-9--< ^■ iHM^^fz t ( b'x ( ^ y 40 

^ i^X^/L- ) -ft, ex 7 X /—)VA . ( h U X ( :t U 

IB-Mi^; ( 1 ) xm^K^mm^-^t^it^mK 

-m^ ( 1 ) : 

- (CRiR2-CR3R*-0) nH 50 
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[0027] -m^ ( 1 ) 4^. Ri-R*iS. ^ti^tim 

±iZ7km¥.i^. v>oy>'ii^. mmmiin--i o<r)mt 

— 1 OOSicSr^-f-^ 

[0028] mMWiifi 1-10 c7)*^bK«S4 /Sfi'^T" 

V^)y)V^ny<.i~)Vm^ bdr^-x^yPS. i^Tyx-?- 
[0029] S-fb-^fc LTJi. * 

^•tM^-^mxt. ^^nxcn^m^-^^.zi.hwm'mm 

<. -mzt\-n{z-mmm.<r>mm.. ^tzimw.xh'o . 
\Mmmxhh. t.fz. L 

h h \ Amm^yivrnm^m^kx^ mc^mm^^^ 

it-^mt:im L . mmmm^%m^^ zbizx-^xmrn 

[0030] $ ii>t. 3iX7tmm^mi'^idm^z^ mn 
mRmm^^Km^M mta. ymmm) ^ui^o^ 
^'t^it^m^mm-th<^tmtL\>\ uti^zx'o. m 

fg^^roT . m.-fm7tm(r)mmMm^ni^h zb:b^x^ 
t.fz. Mia^t-^fiii^iiiijgKt. ^-^tcioTjiffl 

mmjmmbmm\i^b(^wm^^mL^^fz'o 

K) ; -t^ZbifiX^^. 

[0031 ] S#JnRi£?^tg^rKiEtt*S: 1 fflo;^*-r 

y r/w^ypx-x/i'. ^ 'J :sr;i'^i-->'i?'Vi'3 
— ;i'^y;i&;k^>'Kxxx;t^, b Kn^>'Tnf:^^h 

(b hDJf^>x-?-;P) 7;/-;J^":T^-h, b Kn^v-Tnb 
l-'y;^?— N- (b hn^>'7°nb7k) bn'J 
h'y, hUy^/t- (b ho^S/y^/P) T>-^:— 
iM. N- ( b ho^ixx^/l^) b°y i^'—'^AfS. 1, 2 
->>'yf-;P-3- (b Kn^ix7°t7b7W) A 5:^''y ';'> 
AJ^. (b b'ndr~^7'^;P) yirxyj^~hm 

tv^jjsJnlfi:. ^tgSJEt^l.^jig;^^(cji>fL, 1-3 0 

m.mxxh'o. i:^n±L\>^mxiM.\±. 5— 2om:% 

[0032] «#JnKJK{±-JKWtii:a?aT-titff-f--S 

Kjsmm.im^ttz!iy^z^ Mmmm.xf/^fzit 
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3 0—2 0 0°CtimtL<. 5 O'-l 5 0°C;OU K)Mt 

[00 33] mmuKm^ziim'thmMb lxh. sm 

[0034] -^^zim^^M-th\Y.'^^h A y i-T^^ 

{±. 1 : 10—10 : icom.wmmtL<. iosfa lo 

t<{±l : 2 — 2 : iCOmBTh^., 

[0035] mi^mmmt^hm-kizii. mmuKi^^z 
^i)^i,fS.-^tim'»com^tzit^ wzmimTcMt. <S!^ 

Wizmtmm. u^vy^-^i. mm\. ^m^mm. m 

, mm\iKi&i>z^^^hs&^^:bmi^$> § ^ mm^ms. 
WT$)i.^izit. m^mi^muLx^^com^mm 

mm.):.^hi^^\,z\i^ -^mmm. m.m^w,m\z^--b>h^ 
m\m7m. -m^z^^Lmk. uKoy^-m. mm 20 

[00 36] iim^mumt lxi±. mmitin. m 
muRm^z^:b-h m^mco^ii^i-:i>mcoss.jft commit 

[ 0 0 3 7 ] st^ Lv-^-^mmmcnmi^mh Lra, 
i^ytj—TT^^—h^ y"x3\:]yy^—!ii^—h^ y'^v-y 

^— 30 

b°n U K y . N , N - i^;>( ^;l^T-fe h T S K^COT 5 h' 
; X^P-yj/U ^/t-x-f-zW. 7^ h 7 b K 

ny^y^ ;<^;PT-h^b Kc?:7 5y^i7)x— T-/l^S ; 

[0038] mmu^mam^^^ m'^xmrn^mm 
■ttmi^., mmmmmizmM-t^zthT^t^}K m 

mt ^mizmML. mmzm-itttiityji-^t^'^dm: 
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m^m^'^mm<^wnicnrHm\.zML. mm(^y^M% 
^^mm.^mMthm<^-yf&\.nxhh. 

[0039] AM<^^mmn<^WM^h LTfi. ¥)Vm. 
fif«^#:<7)l— 9 9MM%3&i*f*L.<. 10 — 9SSM 

V ^ . ^mmm<^mm.ifi i s*% j; d iJ'-v ^ ^: , ^^^^^ «r 
[0040] -^9m,zm^hm.\YMjm}:. \^x\%. mx. 

(J\ H'^Sfc .LiI,NaI,KI,CsI.CaI 

2 , M g 1 2 'mo:>\-^-ffi.tP' 1 j.:j.±c:o^M3 ^-fbtr^ ; 3 

-J~^ Mt-^^cr^B -^-ftWM. T- b ^r^P^/Pry^r- 
i^;M^t. LiBr, NaBr. KBr. CsBr. 
CaBr2, MgBra mcO^^'ttl-fi'* 1 tJli^O^MM-ft 
!|^ ; . 4m ^ f Y 'J ^A-fC-^it^om-ftWSs 4 

mty i^-^Ait-^mcnmitm. r- v=yr)V^)vry 

yj^)^->Tym^-yj^vyTymM. y s.n'^y 

- 7 j: U >'-'>AiS^t0^a|g^jnf ; T)V^)V-JX)Vy 
AYh. r}V^iV^^~}Vm<r)A ^'^-ft^lSjM ; b b'o 

^yyh, ^./y^; *fflv>|,C CtfOt^t;- 
i>#tC, 3 -^Igi; 3'^'fl:*S))tSO^-fl:S7C«y&W* Lv-^, 

tfc. -m.<m.\mimfs^xt£<. -ai3i±^?s-^t 

[004 1 ] ig{l:il7t:^O^-f[:#:i:3i7C*t0jf i LV^# 
ffiib (fiMJt) (i. 1 : 1 0 0—1 0 0 : 1 cOtgHl^-f 

S)*-;, j;'9*f4L<{ii : 2 0—2 0 : \<7Mmnxh 

0. S^>tSfiL<{41 : 10—10: Kn^WHXh 

h , mim7LncDmf¥tfcit^fi--mm^mzi5i'r^m 

mi. 0. 0 1— 2^;t^/u -y L<. 0. l 

— 1. 5^;k/'J-y h;k*ij;'9»*L<. 0. 2—1. 

[0042] «mmmcommjfm»^^m(^mmm 
^-^<tt. ^^^z^mm^^^^it-^mt. 

[0043] ^m%z\t. -^m^tzimm^^^Mt-^m 

[0044] HfriB«»«Hfflg#:4i<^*St*Ka^*^ 

-§.'fl:-^!f^cO#*»{4, 0. l-5 0S»%*s|[f4L<, 
l-2 0fiM%3&UO»^ Lvx ii/::, -iriamMMtuiE 
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1-5 Ofi»%*i»iL<. l~2 0S»%**J:'9*fi 
[0 04 5] <J:t, xb°ya-h^, y-^-\--ys-n- 

mmmmi-zmnL. ^com. mmtrzinammmzx^ 
[ 0 0 4 6 ] tt. T^m-^. mm(^mii^^^h^^m 

i^mttzmum^^m^z^rfmrnKi^^m^^-^. mi^t 
[0047] «ytm^mmi'»^mmcoytm^mm 20 

mm t comi^zm^f^ixtzmf^ ^ ^ t v> 1, « 
[0048] mm\i^ni^mm^zm.if(^ 

[0049] mm^miMm^^mmt txit. 30 
(mu£. a^. m. tjis.~^m.^ -^yzJ^ 

Mi\m¥^izTj]^z~^M.. ^^^mm^ v-y°Lfzh<^ 

it^i!^yt,z:::^^y'm^V-y°Lfzi><7) ; m ifimf^tl 
1.0 0. 0 1 — 1 Ojum^Jg-C^!)^ 

[0050] mmit^f^(r,mmmfam^^mi&-t t 40 
v^. mrnmit txn 1 0 0 ^^/c m^m^iimt t 

<. 4 0Q/cm2].:l,T>&U Difi L<. 10t^/cm2 
[ 0 0 5 1 ] tfc, 

ii^^i 1 0 %m±'c-*> s ^ t ^s* L , 5 0 9m±Th 



m2002-l 84478 

1 0 

i^uyym. mmm. xr^-yNMaui^>?>s, «^ 
[0052] ^im.mLxmm^mt:n 

tii. m^m. Mm. ^\yyitmm) i>zitm^ti^\>^ 

[0 0 5 3] ■AmcO:^fU-^y-\^tLXli. ^^V. X 

W#:i:LT{i:. SIS. ti')^2^. Ayi^^J^. f]Y^^ 

[00 54] Vm.h LTti. ^^'^Kxh 

uy^^j... ^^ymiDVi^-^h.. ^^ymrf-Y^)-^ 

[00 5 5 ] ^^fttOjff i LV»a#:^Jt LTti:. S i , 
TiOa. SnOa, I nzOs. WO3. ZnO. Nb20 
5, ZnS. GaP, InP, GaAs. CuInS2. 
Cu I nSezWW^^iS. tSiH. i^l^>{4«^'l4 
|n]_h^O g Wt:5a^=5r F -b° y ^''MS^^^'Jfi^ tiT V 

^}^yrxx'%iX\^. ^m^<nMx\t. m^mmt. 

[0056] i ¥s*«fli{4, ^(rmm\.z-^m^m. 

m^^h m<r)mm:mt^ h^zi.-.x. ^Tf^±mm s ^tz 

[0057] }Limmmmmm:^^h'=mwmm\t. 
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[0058] %<S)<ryyfA<r>^wm}L tTti. V)V--tr)V 

msm c V D '^tmf ^n^. ^Qcoyjmcomi^m t 
zKi^cof^X'i.. Viv-yjvm. Mm^^MJrS, lo 

[00 59] y;k-y;i^a^tii, ^mwm^"^ 
<mmw^^mm&^mw-mm\zm^ t . ^M.^(^7ii^iz 
i ^M7mmi3Xx/xtfzmnmi<zx^mitmmz^ o 

[0060] mfi^^^iXiSh 20 

^m-hmi.zmm^'c\m^'^t Lxm\^^^h:^m. m 
y i/x^' y^ox-T^/i.^ ; wmy^>v^ r - y'^ 3o 

[006 1] :;*;:miHS^CVDiS^;{±. ^||^>ttJ:-5T 
M^^^stC h e m i c a 1 Vapor Depos 

i t i o n ( C VD ) a^O-fflT-^fc 0 , ±MfflJfe^T'C 

vYy^'i^^-Hmxhh {^mt^, wmm. vo i . i 

9. No. 9. pp. 5-14. 1999), fi^^OC 40 

x^-«3t. :!<'yzya.m&}i\^-ifzms.mmjjmzmm 

mzi^^u^^Lfzm-fj^^^^fzmmmmm^-h-i^.ti:^ 
-mmmmmm.'m.m^'^mwm^^mzm^x^ i. i t 

mz^mm^±^m:mMmi,zmm\<zm \^^tih^t^ 50 
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^^LTV^^ (#112 0 0 0-1 6 34 8 6-^) , 

[0062] mm-h^n%it^mmt: 
mtLxit. mmm\,z-nLx\ommLxt>h^tifi 

nt.L<. 1 OOm±-CfcS.ri:3&ij;'9i?iL<. 5 

0 0 im±X-h ^ i: tl!f 4 L V \ ^fflWttS* 

ii^ 1 5 0 0fSmS5{)^"*S±O±|J|fc ^rS « 
[0063] ^^#c«ffi«i:, W-^tm^-f^ll. 

mb^mtfz^. mMM^-^^'Z^h < ^-oT L 

i.t£\'^if.—m.mz\t. 0. 1 — 1 0 0;amC7)MffTlS 
^?4t<iil-3 0//m, iO*f4t<{±3- 
2 O/zmT-ffifflStll.. 

[0064] #$S^«Jg 

cOif^Lv^jaSi: LTJi. 5 0 — 8 0 0°C-CS>D. J: 0 
»*t<« 70-550 °CT -^fe ^ . Sfe jD»B§rBl{i: 5 

[006 5] \t^m^h LTis, mi^^ti-^y 
mm. my -7^t^^ymm. ^y-^^t^^ymmmmi 

yMmi^mim^-^fz^t^mmmm ^^iti-^'yMm. 

m^m^'^fzmmt'^m^ -y^mm ■ mmmm. T^miti- 
h u ^M.mmmim^^fz:i^-/^y:^mM. ^^fia 

[0066] n\^mmt lxu. as ; ^si l<{±# 

m'&(7^mimmimmizmffz^'^:^tfzimm a 
m. mm'&comim. i>L<it)^~7nyi^WL$^fzm 

"tfzm^^mimm^zmiftz^^-^xttzimm mtmm 
tfz. zti^coMmmmii. ^crmmize-^:^- 
i^^^mi. mm. ^^-^-y^^jy-^'. mm^ -y^. 
m^-/^. ^-^mmin. m^mmm. no-f ]<mm(^ 
:fj'mz^ o xmm-ti> z t x\ mmmmmtimT't^ 

[0067] «^m%^t'mm»^^mc7mnM.it 
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[0068] mmmMitmmmit. mi&coytmmi^m 
[0069] ^i^^izm.m^-^^'&mt Lxii. # 
<7)mmi,z^t^mt,zm'^ t#s mm^^Km^mt:^ t t v ^ 

l..ri:;&WiLV^. 0iLV^<RJEtt»t LTi±, y(}f]^t^ 10 

[0070] nmtf^^mmi^mnmcom^c^^^immt 

x-'^Algfils^feigcO^Ji: LTfi, TtB-^ ( 2 ) T 

( 2 ) : 

Ru ( Li ) « ( ) n ( L3 ) 20 
[007 1] (2) t+i, mJil-SCOBit. n{i 

0^;^c{±ltOfiSi:^:SL, LMiC K Br. K C 

N , s c N , N c s , b° u ymco^mm^. t rzl± 
=J^^~)im. b'tfUSi^'y^. b'bUS>' 

ym. mt-^,im^ti6^mMm^imL. i^^tsi^x/ 

m.. b'bu>^>s, ^-bu>^vt«. >^'bu>>;t^h yr 
-jym. =j\^^-j)W)T-jym.. m(^^mmm-im 

30 

[00 72] ±M)V'r=^'^M.^^Jk-^m<^^Wmh LX 

li, zmmmA 927721 -tsjia* ; m. 

K. Nazeeruddin et al. , Che 
m. C ommu n. , p. 1705 (1997) ;H. 
Sugihara et al. , Chem. Let 
t. , p. 1005 (1998) ;M. K. Nazee 
ruddin et al.,J. Am . Chem. S 
oc. , p. 719(1998) m\'Ztim(^i:>(r)ifmf 

^fih. tfz. ^m^^i-y^^^mti^z/^^^iyT-y^k 

^mcoMi^mt LXItt. 2000-22823 4-^ 40 

[0073] ^mwmMi<z-&mimm^^^:fimt lt 
ti. ^m^m^^xmm^zmm^'^rzmmfp^z^ ^mi^m 
mi:im-t^irmtii-mmx'hh. -^mcommiimi^x 

tf-5T i j;v^L. Jni^LT^f oTti:v^„ 

mmmmxi^x^^L. mm^imLxi^xw ^mc^) 
m.mmi±. ^mwm^mm^mtLxmmx^:i> 

[0074] ^mm±x^-^^m^ h t VM-i^m^mt^ 50 
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^izit. m-^coit-^m^^m.m^'th^tizX'yxis-t 

Yit-^^ mtli. n-zt-K) ^^-^(f ^> 

[0075] -fe«coffi[*]tt^$wL. mM'^mmm^^ 

x\i. '}ymm.mi)mfhixh. ttz. ^m^m.mLf:: 
mw9&(DmmimmLxhx^\ titL^^r^ymt 

LTfi. \^V=Jy^ 4-t e r t-yf-;l'b°Uy>'. 
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